 2  6 
H 3 BO 3 , 0.5µM MnSO 4, 0.5µM ZnSO 4 , 0.2µM CuSO 4 and 0.01µM (NH 4 ) 6 Mo 7 O 24 . The nutrient 1 1 1 solution was replaced once per week and its pH adjusted to 5.5 to 5.6 daily with 1N HCL. For In-silico analysis was performed to identify the putative ortholog(s) of HvIds3 gene in 1 1 7 hexaploid wheat. Full length genomic sequence of HvIds3 gene (Accession Number good coverage (>85%), identity (>70%) and e-value (<e-10) were downloaded. The 1 2 4 exon/intron structure prediction in the selected wheat contigs was carried out using and its wheat ortholog TaIds3 (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). Multiple sequence alignment (MSA) between HvIds3 and three copies of TaIds3 1 2 9 (TaIds3_7AS, TaIds3_7BS, and TaIds3_7DS) was performed by using CLUSTAL W2 1 3 0 (www.ebi.ac.uk/Tools/msa/clustalw2) available on EMBL-EBI (www.ebi.ac.uk). The 3D 1 3 1 structure of proteins (HvIds3 and TaIds3) was predicted using homology modeling based 1 3 2 Swiss-Model server (http://swissmodel.expasy.org/). Flexible structure AlignmenT by 1 3 3
Chaining AFPs (Aligned Fragment Pairs) with Twists (FATCAT) structure alignment tool 1 3 4 (http://fatcat.burnham.org/) was used for the alignment of 3D structure model of proteins. Polymerase chain reaction (PCR) amplification was carried out in a volume of 20 µl 1 5 7
in Applied Biosystems (Veriti 96 well) thermal cycler. The reaction mixture contained 80- 100 mg root samples were harvested at 5, 10, 15, 25 and 35 days after the plants were 1 6 6 exposed to +Fe and -Fe conditions and used immediately for RNA isolation. Root tissues 1 6 7 were frozen in 2 ml micro centrifuge tubes and disrupted under frozen conditions using two 1 6 8 stainless steel beads (5 mm diameter) in the Tissuelyser (Qiagen, USA). Total RNA was 1 6 9 extracted from the disrupted tissue using the GeneJET Plant RNA purification kit (Fermentas quality of the total RNA were evaluated using a nanophotometer (Nanodrop 1000, Thermo- 3.0 (Applied Biosystems) ( for each biological replicate. using Nose-Hoover (Nosé, 1984; Hoover and William, 1984) The 20 nsec MD simulation trajectory was analyses by simulation event and 2 1 4
interaction diagram program module available in Desmond v3.6. For protein stability analysis 2 1 5
we select root-mean-square deviation (RMSD) value and root mean square fluctuation 2 1 6 (RMSF) selected for determination of fluctuation/thermal motion in protein residues during 2 1 7 simulation. We analyze the protein contribution of secondary structure elements (SSE) during 2 1 8 simulation in structure stabilization. In-silico mapping and functional annotation 2 2 2
Putative wheat ortholog of HvIds3 gene was identified using different bioinformatics based sequence was aligned against wheat survey sequences available on IWGSC database. with HvIds3 as compared to TaIds3_7BS and TaIds3_7DS (Fig. S2 ).With the aim to confirm Ensembl plants database, it gave a hit on telomeric region of 7AS. Out of three predicted wheat orthologs, only TaIds3 on 7AS had complete gene 2 3 9 structure (Fig. 1A) chemical shapes of modelled TaIDS3 (Fig. 1C) . The alignment of the structure of the proteins between the HvIds3 and TaIds3 proteins (Fig.S3 ). ProFunc server was used to determine the The phylogenetic tree generated the individual branches for TaIds3, HvIds3, HvIds2, 2 5 5
and OsIds2 (Fig.2) . TaIds3 gene clusters shared the close evolutionary relationship with 2 5 6
HvIds3, while OsIds2 and OsIds3 shared the relationship with HvIds2. In order to confirm the chromosomal location of TaIds3 in hexaploid wheat genome, all 20 NT lines and absence in N7A-T7B and N7A-T7D indicates the presence of this 2 6 5 fragment on chromosome 7A (Fig.4) . Further, to localize the fragment on the specific arm of primers. The PAGE analysis of the PCR product resolved that there was no amplification in 2 6 8
Dt7AL while Dt7AS line gave the amplification with 7AS specific primers (Fig. 3) . These confirmed that TaIds3 is located in the telomeric region of 7AS. On the basis of the above The results of Real-time RT-PCR showed that the detectable expression of TaIds3 2 7 7 was started on 5 th day (2.5 fold) after Fe-starvation. In response to Fe-deficiency, the relative 2 7 8 expression was increased gradually up to 15 th day (maximum33.5 fold) afterwards decreased 2 7 9 in 25 th and 35 th days analysis. However, in Fe-sufficient condition, the expressionof TaIds3 2 8 0 was detectable but almost constant at all stages (Fig.5) . The relative expression analysis Spring roots. The expression of TaIds3 in Fe-deficient roots was much greater than Fe-2 8 3 sufficient roots at all stages (Fig.5 ). under 2.4Å with compare to beta factor (0.5Å -0.8Å) aspect one large fluctuations higher 2 9 8 than 3Å between 173 -179 residues range. This range comes in loop region of protein that's 2 9 9 why this region fluctuated during 13-14nsec simulation. Total 31.57% protein contributed in 3 0 0 secondary structure (alpha helices=19.52% and beta strands =12.05%). SSE elements 3 0 1 confirms that protein structure have stable conformations state aspect small loop (residues In the present study, we reported thatIds3 gene, which encodes a dioxygenase that TaIds3_7AS with HvIds3 also supports the above results (Fig. 1) . Our results are also The results of real-time RT-PCR showed the expression of wheat ortholog of Ids3 3 2 2 gene in hexaploid wheat, which is strongly up-regulated under conditions of Fe-deficiency. According to the previous studies, during15-days of Fe starvation, the expression of Ids3 was 3 2 4 induced after three days of Fe-starvation in barley, which was gradually increased to a 3 2 5 maximum level on the seventh day while the expression of Ids3 gene was not observed in 3 2 6 hexaploid wheat (Nakanishi et al. 2000) . However, our results showed that the detectable 3 2 7 expression of Ids3 was observed five days after Fe-starvation and increased up to 15 days and 3 2 8 thereafter its expression declined. So, the Ids3 expression seemed to be more sensitive to Fe- Fe directly regulates the induction of Ids3 expression in the roots of hexaploid wheat. Nakanishi et al. (1993) reported that the Ids3 gene and its product detected only in Fe- results suggest the presence of IDS3 protein ortholog also in diploid wheat, which might be 3 5 2 responsible for higher secretion of phytosiderophores in Fe and Zn deficient conditions. The 3 5 3 good correlation between the protein and RNA data demonstrates that regulation of gene presence of Ids3 gene and its mRNA transcripts in hexaploid wheat genome, the less RNA 3 5 7 stability might be the reason to produce the optimum amount of IDS3 peptide to be detectable 3 5 8 in the root exudates. In the present study, the HvIds3 gene sequence was aligned against wheat survey sequence. BLASTn results showed 74% sequence similarity with IWGSC_chr7AS_ab_k71_contigs of 2000), if a protein has more than 40% sequence identity to another protein 3 6 8 whose biochemical function is known and if the functionally important residue (for example, 3 6 9 those in the active site of an enzyme) are conserved between the two protein, a reasonable 3 7 0 working assumption can be made that the two proteins have a similar biochemical function. ProFunc analysis also identified the functional motifs of TaIDS3 and showed the close presence of putative barley ortholog in wheat. Crystal structure of cereals IDS3 protein is not 3 7 5 available in PDB yet. Moreover, high-throughput protein structure methods, such as yeast X-3 7 6 ray crystallography and NMR, cannot be easily applied to due to their high cost. Therefore, 3 7 7 homology modeling for predicting RWP-RKs protein structure and function could provide 3 7 8 alternative solutions. Homology modeling referred to as comparative or knowledge based 3 7 9 modeling method, rely on detectable significant similarity between the query amino acid 3 8 0 sequences and protein of know 3D structure (resolved by X-ray crystallography and NMR) 3 8 1 and can be used to modelled the 3D structure of all the members of a protein family using a is applied to simulation of target structure. Sequence alignment quality of target and template 3 8 6 is important to predict a good homology model. Swiss-Model algorithm was predicted the 3D 3 8 7 structure of TaIDS3 with good stero-chemical properties. 
